Insects display a great variety of symbiotic relationships with microorganisms that allow them to 56 exploit almost every substrate as food source and to colonize any habitat on earth. Such 57 microorganisms comprise viruses as well as bacteria, fungi, protozoa and multicellular symbionts 58 [1] . The relationships between insects and microorganisms range from clear mutualism to 59 relationships involving unbalanced benefits or costs to one member up to pathogenesis [2, 3] . 60
Moreover, insect symbioses can vary from temporary associations to long-life obligate partnerships 61
and from external, loose coalitions to very close alliances [2] . The microorganisms involved can be 62 found in the environment, growing outside the insect's body, or they can be harbored within the 63 body cavity in specialized cells or organs (extracellular or intracellular endosymbionts) and 64 transmitted through successive generations, typically via vertical transmission from mother to 65 progeny (maternal inheritance) [4] . The manifold and intricate functions played by the wide 66 assortment of microorganisms have not been fully studied in detail, and only some metabolic 67 interactions are fully understood [5] . Regardless, the crucial roles played by symbionts in the 68 survival and evolution of their insect partners have been repeatedly demonstrated, and different 69 mechanisms of transmission through host populations and generations have evolved [2] . 70
The nonpathogenic bacterial symbionts of insects have been classified as ranging from primary, 71 ancient obligate symbionts that are restricted to specialized cells (bacteriomes) and are necessary 72 for the host to secondary, recent facultative symbionts that are located in insect organs and are non-73 essential for insect survival [1, 6] . The transmission of primary symbionts (P-symbiont) in plant-74 feeding insects has been investigated in detail in aphids [7, 8] , various sucking insects [9, 10, 11] 75 and beetles [12, 13] . Bacterial P-symbionts are transferred vertically to offspring through 76 contamination of the egg surface, deposition of bacterial capsules on eggs, or consumption of the 77 7 handling eggs, which is the first step in both small-scale and large-scale rearing efforts, through 156 PCR amplification-denaturing gradient gel electrophoresis (PCR-DGGE), quantitative real-time 157 PCR and Scanning Electron Microscopy (SEM). In addition, by evaluating the impacts of 158 germicides, we ascertained the transmission mechanism of Ca. E. dacicola from wild olive fruit fly 159 females to their progeny reared in laboratory. 160
161

Methods 162
Insects 163
The adults of wild olive flies used in this study developed from pupae that had been collected from 164 infested drupes in several olive orchards in Vaccarizzo Albanese (Cosenza; Italy). 
Egg collection 171
The eggs of wild flies were collected using wax domes that had been washed previously with 2% 172 hypochlorite solution and then rinsed twice with deionized water. The domes were inserted into the 173 bottom of tissue culture dishes (35/10 mm) containing approximately 3 mL of deionized water. 174
These measures were taken to minimize the occurrence of contaminating bacteria and prevent egg 175 dehydration and subsequent shrinkage. The domes were placed inside the adults' cage and left there 176 for 24 hours. Eggs were then collected by washing the internal surface of the domes with sterile 177 deionized water under a laminar flow hood and sieving with a sterile cloth; the eggs were then 178 placed in a sterile beaker. Finally, the eggs were collected with a sterile micropipette and transferred 179 to three different sterile containers. 180 Newly emerged adults were singly placed in small cages and fed with water and sugar until they 205 were 15 days old, when they were dissected for bacterial DNA extraction. was dissected under a stereoscopic microscope with sterile tools, and the oesophageal bulb was 238 extracted. DNA extraction of each bulb was carried out as described above for eggs. DNA extracted 239 from the oesophageal bulbs of wild B. oleae flies was amplified as described above and used as a 240
Ca. E. dacicola positive control in end-point PCR and as a marker in DGGE analysis, and it was 241 used to construct the standard curve for the real-time PCR. DNA was also extracted from the 242 oesophageal bulbs of B. oleae flies developed from eggs than had been externally treated with the 243 SHTX mixture. Amplification followed by DGGE was performed as described above. 244
Real-time PCR 245
Quantitative real-time PCR analysis was performed with primers EdF1 [23] Four separate real-time PCR amplifications were performed using egg samples from four 268 experimental replicates conducted over time, and the data from each treatment were averaged over 269 the four replicates. Quantitative real-time PCR analysis was also performed with universal primers 270 338F-518R [46], as described above, to determine the relative abundance of bacteria on eggs 271 surface and rinse water as well as. 272
Sequence analysis 273
The middle portions of several DGGE bands were aseptically excised from the gel and directly 274 
Statistical analyses 300
Quantitative data from real-time PCR and data on the bacterial colonies on the egg surface (after 301 square-root transformation to satisfy normality requirements) were analyzed through one-way 302 13 analysis of variance (ANOVA) followed by Tukey's honestly significant difference (HSD) test for 303 means separation (P≤0.05) [47] . All of the analyses were performed using Statistica 6.0 (Statsoft, 304 Italy). 305
306
Results
307
DGGE analysis 308
The first experiment was conducted to detect the presence of Ca. E. dacicola on the surface of B. 309 oleae eggs. The PCR-DGGE profiles of egg samples washed with water (CE) showed more 310 complex band patterns than did those obtained from egg samples treated with propionic acid (PAE) 311 and the mixture hypochlorite + TritonX (SHTXE) or samples of water CW, PAW and SHTXW 312 (Fig. 1) . In each DGGE profile of eggs treated with water, a clear band was consistently present that 313
showed the same migration behavior as the band formed by the sample of the oesophageal bulb of 314
B. oleae used as marker of Ca. E. dacicola (M). This band was also present in the other DGGE 315
profiles and showed a decreasing intensity from CE > PAE > SHTXE and rinse water samples. 316
Relative abundance of Ca. E. dacicola in B. oleae eggs 317
The analysis of the presence of Ca. E. dacicola on B. oleae eggs laid by wild females and treated 318 with disinfectants showed that the amount of the symbiont was decreased in the eggs of the various 319 treatments relative to eggs of the control treatment (Fig. 2) . Specifically, the quantity of the 320 symbiont was reduced nearly by 2 times in eggs handled with the propionic acid solution 321 (0.503±0.066 relative abundance of Ca. E. dacicola in PAE vs Ca. E. dacicola in CE), whereas in 322 SHTXE, the bacterial load was decreased by approximately 5 times (0.211±0.125 relative 323 abundance of Ca. E. dacicola in SHTXE vs Ca. E. dacicola in CE) relative to the quantity in the CE. 324
One-way ANOVA revealed significant differences among the treatments (F2,9 = 95, p<0.001), and 325 post hoc HSD tests revealed significant differences between the various treatments and the control 326 treatment. 327
Real-time PCR was performed on the rinse water of the three treatments to evaluate Ca. E. dacicola 328 presence (Fig. 3) . As expected, the relative abundance of the symbiont in the two rinse waters PAW 329 and SHTXW was very low (0.00109±0.00017 and 0.0003±0.00021 relative abundance of Ca. E. 330 dacicola in PAW and SHTXW, respectively, vs Ca. E. dacicola in CE). The water CW contained a 331 greater quantity of Ca. E. dacicola (0.2349±0.31225 relative abundance of Ca. E. dacicola in CW vs 332
Ca. E. dacicola in CE). Statistically significant differences were detected among treatments, with 333 the bacterial content of the control rinse water comparable to the bacterial load on the eggs treated 334 with both disinfectants (F2,15 = 59 M, p<0.001). However, considerable amounts of the B. oleae 335 symbiont are lost even when eggs are washed with water; the load was assessed via real-time PCR 336 analysis as representing approximately 20% of the original load. 337
Morphological observations 338
Eggs treated with the two disinfectants (PAE and SHTXE) or washed only with water (CE) were 339 observed via SEM. The egg of B. oleae is elongated and slightly curved (whole egg not shown); it is 340 characterized by a well-developed anterior pole with an overturned cup-like protrusion that is 341 supported by a short peduncle, forming the micropylar apparatus ( Fig. 4A and 4C ). The protrusion 342 margins display several knobs forming a festooned rim, which give the micropylar apparatus the 343 overall appearance of a balloon tuft. The micropylar aperture is located in the center of the 344 protrusion, and the peduncle shows several large openings connected with internal chambers (Fig.  345 4). Eggs washed with water showed many rod-shaped bacterial colonies scattered on the micropylar 346 apparatus as well as on its base, around the openings of the internal cavities (Fig. 4B) . In contrast, 347 all the samples of eggs treated with SHTX or PA showed a total lack or negligible quantity of 348 bacterial masses on the chorionic surface of the anterior pole (Fig. 4A, 4C, 4D) . Counts of the 349 number of bacterial colonies within an electronic frame confirmed that treatment with the 350 disinfectants greatly affected the presence of bacteria (F2,12 = 23.57, p<0.001). PAE and SHTXE 351 showed significant reductions of bacterial colonies relative to the colonies on CE (Fig. 5) . 352
Progeny development 353
Egg hatchability was low and did not differ among the treatments: on average, it was 35.99±8.01% 354 for CE, 34.29±7.13% for PAE and 36.64±21.11% for SHTXE (4 replications; the number of eggs 355 per treatment varied from approximately 30 to 100). Moreover, the pupal recovery was very low 356 and variable among treatments: 6.43% (from 184 eggs) for CE, 3.42% (from 147 eggs) for PAE and 357 13.56% (from 189 eggs) for SHTXE (percentages from the pooled data of 3 replications). 358
Ultimately, only a few adults per treatment emerged from pupae reared on artificial diet: 11 from 359 CE, 5 from PAE and 11 from SHTXE. A positive amplification product was obtained only from 360 four oesophageal bulbs of flies that developed from SHTXE and their PCR-DGGE profiles are 361 reported in Fig. 6 . Each amplicon showed a characteristic migration pattern that differed from that 362 produced by the Ca. E. dacicola marker. Bands were removed from the DGGE gels and sequenced, 363 revealing their similarities to Stenotrophomonas rhizophila (100% similarity to GenBank accession 364 number NR_121739), Microbacterium schleiferi (100% similarity to GenBank accession number 365 NR_112003), Brevundimonas diminuta (99% similarity to GenBank accession number 366 NR_113602) and Acinetobacter septicus (100% similarity to GenBank accession number 367 NR_116071). 368 369 Discussion 370
The main objective of this research was to evaluate the impact of disinfectants on the presence of 371
Ca. E. dacicola on B. oleae eggs that had been laid by wild females. The goal of our research 372 program is to establish a symbiotic olive fruit fly strain comprised of vigorous adults and with 373 stable, high performance to produce males that can compete with wild specimens in sterile insect 374 technique applications. Our findings show that only those eggs washed with water (CE) maintained 375 most of the bacterial load delivered by the mother to the egg surface during oviposition. The 376 bacterial symbiont on the collected eggs was Ca. E. dacicola, as evidenced by PCR-DGGE analysis, 377 confirming previous studies [41] . 378 According to our real-time PCR and SEM observations, eggs treated with PA, the antifungal agent 379 recommended as part of standard olive fruit fly rearing procedures [32, 48] , can lose up to half of 380 the content of the symbiont transferred by the mother. Propionic acid was first evaluated and 381 selected from among several disinfectants for its non-negative effects on egg hatching in the 1970s, 382 when rearing procedures of the olive fruit fly were first established [49] . Propionic acid and 383
propionates are considered as "Generally Recognized As Safe" (GRAS) food preservatives for 384 humans. They are used as mold inhibitors and disrupt proton exchange across membranes, thereby 385 negatively affecting amino acid transport [50] . In insect rearing protocols, propionic acid solutions 386 are commonly recommended and used as antifungal agents, but they are considered ineffective 387 against bacteria [51, 52] . It is likely that in our experiments, PA treatment significantly reduced the 388 symbiont presence by facilitating the mechanical removal of bacteria from the egg surface during 389 egg washing. Regardless of the mechanism, we can conclude that its usage eliminates most of the 390
Ca. E. dacicola cells transferred from the mothers to their eggs. 391
The second washing treatment used in our experiment was a mixture containing sodium 392 hypochlorite and Triton X (SHTX). This mixture was used to obtain results that can be compared to 393 those obtained by Estes et al. [42] . Sodium hypochlorite is widely used at mild concentrations to 394 surface-sterilize insect adults before dissection, but it is also recommended for the surface 395 Based on previous studies [30, 66] and our SEM observations, we hypothesize that the peculiar 453 morphology of the micropylar apparatus might be related to the transmission of the symbiont. The 454 balloon tuft-like protrusion of the anterior pole appears to be a potentially advantageous structure 455 for scraping bacteria from the lumen of the rectal tract, where the diverticula release their bacterial 456 
